ABSTRACT. Older cows show a high incidence of infectious diseases during the periparturient period. The periparturient infectious diseases are closely associated with the immune function of dairy cows during the pre-calving period. In order to evaluate the relationship between the immune cell population and age in the cows during the pre-calving period, we obtained blood samples from 170 dairy cows during the pre-calving period. We chose only healthy cows, which did not develop clinical diseases within 2 weeks after the calving in this study. The animals were divided into 4 groups based on their parity: in their 1st pregnancy (Group 1), in their 2nd pregnancy (Group 2), in their 3rd calving (Group 3) and in more than 3rd pregnancy (Group 4). The numbers of the peripheral blood CD3 + TcR1-N12 + and MHC class-II + CD14 -lymphocytes were significantly higher in Group 1 compared to Group 4. This result indicated that the lower T cells and B cells in older cows compared with heifer during pre-calving period.
There are high incidences of infectious diseases in the dairy cows during the periparturient period. Appearance of infectious disease after the calving is recognized to relate closely to natural impaired immune conditions from the precalving period. Because it is well known that lymphocyte or neutrophil numbers and their functions decrease markedly a few weeks before the calving [8, 17] . In addition, lower peripheral T cell numbers were observed previously in cows with inflammatory diseases by the day of calving, before the onset of disease [12] . Therefore we suspected that impaired immune condition in periparturient dairy cows with infectious diseases might be reflected in unstable changes in peripheral leukocyte populations during pre-calving period.
The incidence of infectious diseases such as mastitis or metritis is relatively higher in older cows [6, 13] . The macrophages or lymphocytes functions are known to decline along with ageing in animals [1, 4, 16] . Sakata-Kaneko et al. [18] analyzed the effect of ageing on the responsiveness of human CD4 + T cells. They reported a decrease in IFN- production by lymphocytes obtained from old subjects compared to young controls [3, 7] . The reasons for the higher incidence of mastitis in the older cows may be due to a lower immune cell function by ageing especially during the pre-calving period. No reliable evidence has been reported for the association of age with the immune function in the healthy dairy cows before calving. In order to determine the relationship between the age and the number of leukocyte populations, we analyzed the populations and the proliferative ability of peripheral blood leukocytes in the healthy cows during the pre-calving period.
One hundred seventy clinically healthy Holstein dairy cows that did not develop clinical diseases within 2 weeks after calving were examined in this study. All cows were housed in tie-stall barns of 14 dairy farms in Aomori and Yamagata Prefecture, Japan. Cows were divided into four groups; in their first calving (Group 1, N=32, age; 1.99  0.04 yr), in their second calving (Group2, N=57, age; 3.04  0.03 yr), in their third calving (Group 3, N=33, age; 4.18  0.06 yr) and in more than third calving (Group4, N=48, age; 6.22  0.18 yr). All cows were used to analyze for leukocyte population during the pre-calving period only once, and samples were divided into three periods according to the time of bleeding: the Period I (60 to 41 d pre-calving), the Period II (40 to 21 d pre-calving) and the Period III (20 to 0 d pre-calving) ( Table 1) .
Blood samples were collected into two tubes, one with heparin and the other with dipotassium-EDTA (EDTA-2K). The total number of the white blood cells (WBC) was determined using EDTA-2K containing blood samples by a blood cell counter (PC607, ERMA, Germany).
Two mL of EDTA-2K containing blood samples were mixed with 4 mL of 0.83% ammonium chloride solution to lyse the RBC. After the hemolysis and washing with PBS (pH 7.2), WBC were resuspended in cold PBS. Two-color flow cytometry was performed using these isolated WBC. WBC (1  10 6 ) were incubated with monoclonal antibodies prepared in PBS at 4C for 60 min. The primary antibodies and the description of the working solutions are presented in Table 2 . After washing with PBS, the cells were incubated with fluorescein isothiocyanate (FITC) labeled anti-mouse IgM and phycoerythrin (PE) labeled anti-mouse IgG1 (ICN Biomedicals, Inc., Costa Mesa, CA, U.S.A.) at 4C for 30 min. After washing the WBC with PBS, the flow cytometric analysis was performed using a FACScan flow cytometer (BD Biosciences Immunocytometry Systems, San Jose, CA, U.S.A.). Data from 10000 events per sample were analyzed using Cell Quest software (BD).
For analysis of lymphocyte proliferation, the peripheral blood mononuclear cells (PBMC) were separated from the heparinized samples and seeded into 96-well microplates at 2  10 5 cells/well suspended in 200 L of RPMI-1640 medium with 10% fetal bovine serum. Each sample was stimulated with 10 g/mL of either phytohemagglutin-P (PHA-P; Sigma-Aldrich Co., St. Louis, MO) or pokeweed mitogen (PWM; Sigma-Aldrich). Samples with no stimulation served as a control. After 72 hr incubation at 37C, 5 mg/mL of 3-(4,5-dimethylthiazol-2,5-diphenyl tetrazolium bromide (MTT; Sigma-Aldrich) was added to each well, and then incubated for 2 hr at 37C. After incubation, 100 L of supernatant was removed from each well, and 100 L of 50% N-N dimethylsulfomide containing 0.7 M sodium dodecyl sulfate was added. After the dark blue formazan crystals had dissolved, the optical density (O.D.) was measured using a microplate reader at a wavelength of 540 nm. The stimulated index rate of PBMC was calculated by the following formula as; Stimulation Index (SI)=(O.D. of stimulated sample)/(O.D. of control)  100.
Statistical analysis was performed for each parameter in order to determine the differences among the four groups during the same time period using Tukey-Kramer's test. The differences between groups were considered significant at P<0.05.
The number of WBC was the highest in Group 1 during the Period I, which was significantly higher than Groups 3 + monocytes were detected among the four groups at any sampling period. The lymphocyte proliferation index with PHA-P or PWM in Group 1 was the highest among the 4 groups in all periods, but they were not statistically significant (Table 3) .
Peripheral blood lymphocytes in cows decrease gradually toward calving before calving [8, 11] . Therefore most cows had decreased peripheral lymphocyte numbers during the pre-calving period. The leukocyte population in Group 4 was similar to Group 3 during all experimental periods, and this population was different from Group 1. The most noticeable finding in the current study was distinct age-associated differences in T cell and B cell.
Wilson et al. [20] described that the percentage of T cell was lower in older dairy cattle than in the young cattle. The percentage of T cell was the highest at birth and gradually decreased to the adult level by 150 days of age. T cells stimulated with non-peptidic phospho-antigens produce high levels of cytokines, mainly interferon (IFN)- and tumor necrosis factor (TNF)- [14, 15] . Moreover, T cells are involved in coordinating the interplay between innate immunity and acquired immunity, and contribute to the differentiation of T cell responses toward either T helper cell type 1 or type 2 [5, 9] . The alteration of T cells could contribute to the age-related decrease in T cell-medi- ated responses and it may represent an immuno-senescence. Lower numbers of the peripheral T cells in Groups 3 and 4 compared to the Group 1 seemed to a peculiarity of leukocyte population due to aging in dairy cows during the precalving period. Another noticeable finding was the lower peripheral B cell in the Groups 3 and 4. The number of CD20 + B cells was higher in the young subjects compared with elder subjects in the former report [10] , which agrees with the current result. B cells play a large role in the humoral immune response. The principal functions of B cells are to perform the role of antigen presenting cells, make antibodies against antigens, and develop into memory B cells after activation by antigen interaction. PWM is the mitogen, which activates B cells as well as T cells [2] . In this study, lymphocyte proliferation with PWM stimulation tented to be lower in cows with higher parities during the Period II and III. Lower number of B cells in addition to lower number of T cells in older cows during the pre-calving period may be unfavorable for immune responses.
In this study, significant differences in numbers of CD4 [19] . In our study, the response of lymphocyte proliferation to the PHA tended to be lower in cows with higher parity during the Period II and III in this study, which might represent a lower function of T cells in older cows.
In the current study, we observed the decrease in T cell and B cells with the increase in parity of cows during the pre-calving period. These might be associated with the increased susceptibility of the older cows to infections compared with heifers. Special care of older cows is needed to maintain their immune function during the pre-calving period by providing a good environment.
